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SUBJECT: Unmanned MSSR Entry into Mars 
During the 1975 Manned Twilight 
Flyby - Case 233 

DATE: September 20, 1967 

FROM: D. E. Cassidy 

TM: 67-1013-7 

TECHNICAL MEMORANDUM 

INTRODUCTION 

The purpose of this memorandum is to underline the basic 
concepts involved in delivering an unmanned vehicle to the 
surface of Mars. Although the conclusions are general, attention 
will be directed toward a surface sample retriever payload (MSSR) 
which will have the additional criterion of a surface launch. 

It is assumed that the MSSR will be operating in con- 
junction with a manned flyby mission. The base line mission 
utilized in this study is the 1975 Mars Twilight Flyby having 
an atmospheric entry velocity on the order of 32,000 fps. The 
1976 to 1978 multi-planet flybys of interest (having both Mars and 
Venus encounters) have associated with them Mars entry velocities 
less than 25,000 fps. The 1975,Twilight Flyby, then, except for 
later twilight flybys, represents a worst case mission in terms 
of entry velocity and ascent vehicle impulse requirements, i.e., 
landed payload weight. 

ATMOSPHERIC MODELS 

The atmospheric models utilized in this study are the 
VM-7 and VM-8 models’ developed by JPL from Mariner IV occultation 
data. The density-altitude profiles for the series are presented 
in Figure (1) along with the more recently published atmospheres 
from MSC.* 
represent an effective envelope to the MSC data. The lower scale 
height of the VM-8 atmosphere results in the highest structural 
loads and heating rates. The low surface density of the VM-7 
atmosphere, almost half the surface density of the MSC 5mb and 
VM-8 atmospheres, results in the largest propulsive landing penalty. 

It can be seen that the VM-7 and VM-8 model atmospheres 

The VM-7 and VM-8 atmospheres were used here to demonstrate 
feasibility with what presently appear to be the most severe 
conditions. It will be shown that under this worst set of 
conditions a successful landing can be mechanized. Although the 
Martian surface topography and roughness is poorly resolved, it 
is reasoned that large, relatively smooth areas such as exist on 
the earth and the moon will be identified either during earlier 
unmanned flights or several days prior to planetary encounter. 
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This latter approach seems quite feasible when a large aperture 
diffraction limited telescope is utilized on-board the manned 
mission module. 

ENTRY REQUIREMENTS 

In order to perform a successful landing on the Martian 
surface, a number of conditions must be met. The MSSR, or any 
atmospherically decelerated entry probe, must come close enough 
to the planet so that sufficient energy is dissipated in atmospheric 
(aerodynamic) drag f o r  the probe to be captured. 
tenuous VM-8 atmosphere, however, (two orders of magnitude less 
dense than earth at 160,000 feet) the entry has to be made steep 
in order to reach low enough altitudes where sufficient drag 
force can be developed to reduce the probes velocity. 
other hand, coming in at t o o  steep an entry angle does not allow 
enough time for aerodynamic deceleration, and results in terminal 
landing propulsion penalties. The ideal situation is to choose 
a corridor which guarantees capture by the planet and minimizes 
landing propulsion. There are additional constraints, of course, 
such as the structural load, heating load, and various operational 
aspects, e.g., range dispersion, which have to be considered. 
The range dispersion criterion, however, will be the only constraint 
in addition to terminal propulsion to effect the position of the 
corridor. The reason for this is that the heating and the 
structural loads, for unmanned systems, do not vary sufficiently 
within the corridor limits (defined later as 10 nautical miles) 
to have significant influence on the vehicle design. 

overshoot limit, i.e., the shallowest ballistic trajectory (L/D = 0) 
which does not exit the atmosphere following initial entry. (Thc 
corridor is measured in nautical miles since it is a differential 
vacuum periapsis altitude.) The velocity at 20,000 feet altitude 
is indicative of the terminal propulsion requirements for a 
landing system and is used to illustrate the sensitivity of the 
terminal propulsion system to the entry corridor and ballistic 
parameter. In addition, the corresponding Mach numbers at 20,000 
feet are indicative of the deployment conditions for a parachute 
retardation system. It is assumed here that Mach numbers above 
1.5-to-2.0 require two stage systems, i.e., small supersonic 
decelerator and large subsonic descent chute, while above Mach 4 
or so requires state-of-the-art improvements in decelerator systems. 

For high ballistic parameters (M/CDA), the probe 

Due to the 

On the 

In Figure (2), a 0 nautical mile corridor represents the 

velocity at an altitude of 20,000 feet in the VM-8 atmosphere 
increases quite rapidly as the corridor widens. At the low 
ballistic parameters, though, terminal conditions are achieved at 
20,000 feet over a wide range of entry angles, making the velocity 
insensitive to corridor. 
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Although it would be desirable to enter near the shallow 
end of the corridor from a terminal propulsion consideration, 
large range dispersions and landing site uncertainties present 
operational constraints. This is apparent from Figure (3) where 
the range (measured along the planet surface from the initial 
entry point) is presented for a vehicle with a ballistic parameter 
of .8 slugs/ft . For an entry corridor capability of 10 nautical 
miles, entry angles between -18.1O and -18.g0, the landing site 
uncertainty due to corridor width is about + 60 nautical miles 
for the VM-8 atmosphere. 
nautical miles when combined effects of both the VM-7 an3 VM-8 
atmospheres are considered. The latter case includes the 
atmospheric uncertainty and assumes that no better atmospheric 
data will be obtained between now and the mission. 

2 

This uncertainty Tncreases to + 75 

If the 10 nautical mile entry corridor is shifted to 
steeper angles, the increased terminal propulsion requirements 
are illustrated in Figure (4). Thus, to reduce the landing 
dispersion by 50% with a ballistic parameter of .8 slugs/ft 
requires almost twice the landing AV based on the VM-8 atmosphere. 

2 

ENTRY CORRIDOR 

A 10 nabtical mile corridor, based on vacuum periapsis, 
appears reasonable f o r  manned planetary systems guidance .3  It is 
noted here that the corridor required for successful probe delivery 
is defined as the difference in periapsis altitude and not’on the 
accuracy in estimating the s t a t e  vector at  the nominal entry time. 
The reason for this is that the entry angle is changing quite 
rapidly with altitude (or time), and that apparent entry angle 
errors result, even for an exact vacuum periapsis altitude, from 
inaccurate knowledge of the reference altitude (or time). 

DECELERATION LOADS 

The maximum decelerations during entry are presented in 
Figure ( 5 )  for a ballistic parameter of .8 slugs/ft2 at various 
entry angles. In Figure (6) maximum decelerations are presented 
for the steep end of the 10 nautical mile corridor (y = -18.9O) 
at various ballistic parameters. The increasing decelerations 
at the lower ballistic parameters are due to the more rapid 
slowdown at high altitude resulting in steeper effective entry 
angles, i.e., the low ballistic parameter trajectory deviates 
more f rom a straight line approximation. For entry within the 
10 nautical mile corridor, then, decelerations can be kept within 
40g, for direct ballistic entry at 32,000 fps. 
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The heat t r a n s f e r  t o  t h e  s t a g n a t i o n  r e g i o n  i n  F i g u r e s  ( 7 )  
and  ( 8 )  i s  due t o  r a d i a t i o n  as w e l l  as c o n v e c t i v e  t r a n s p o r t .  
r a d i a t i o n  l o a d  was assumed t o  o r i g i n a t e  i n  a n  o p t i c a l l y  t h i n  
ad iaba t ic  shock l a y e r ,  and t h e  magni tudes  were computed from a 

The 

c o r r e l a t i o n  o f  C 0 2 - N 2  g a s  mixtures . '  Although t h e  r a d i a t i o n  l o a d  
i n  t h e  s t a g n a t i o n  r e g i o n  i s  c o n s i d e r a b l y  lower t h a n  t h e  c o n v e c t i v e  
l o a d  f o r  a 1 f o o t  s p h e r i c a l  nose ,  c o n s i d e r a t i o n  must a l s o  b e  g i v e n  
t o  t h e  h e a t i n g  d i s t r i b u t i o n  o v e r  t h e  h e a t s h i e l d .  I n  C 0 2 - N 2  gas 
m i x t u r e s ,  t h e  CN molecule  c o n t r i b u t e s  s u b s t a n t i a l  r a d i a t i o n  
e m i s s i o n s  a t  t e m p e r a t u r e s  a s s o c i a t e d  w i t h  a v e l o c i t y  r a n g e  from 
25,000 t o  34 ,000  f p s  r e s u l t i n g  i n  h i g h e r  r a d i a n t  ene rgy  l e v e l s  
f o r  C02-N2 m i x t u r e s  t h a n  f o r  a i r  m i x t u r e s .  R a d i a t i o n  e m i s s i o n s  
from a i r  f a l l  o f f  q u i t e  r a p i d l y  w i t h  v e l o c i t y  i n  t h i s  r a n g e .  
e f f e c t s  of t h i s  phenomena a r e  t h a t  i n  C02-N2  m i x t u r e s  gas r a d i a t i o n  
i s  l e s s  s e n s i t i v e  t o  v e l o c i t y  v a r i a t i o n s  between 2 5 , 0 0 0  and 34 ,000  
f p s ,  and t h e r e f o r e  m a i n t a i n s  n e a r - s t a g n a t i o n  p o i n t  l e v e l s  around 
t h e  e n t r y  v e h i c l e  body. When t h i s  e f f e c t  i s  coupled  w i t h  t h e  
i n c r e a s i n g  shock wave s t and-o f f  d i s t a n c e  a round t h e  body (expanding  
plasma volume) ,  h i g h e r  r a d i a t i o n  h e a t i n g  r a t e s  are expe r i enced  toward 

The 

t h e  maximum diameter t h a n  a t  t h e  s t a g n a t i o n  p o i n t .  5 

Approximations were made t o  t h e  t o t a l  c o n v e c t i v e  and 
r a d i a t i v e  d i s t r i b u t e d  l o a d .  The r a d i a t i v e  d i s t r i b u t i o n  was d e r i v e d  
from a c o n s i d e r a t i o n  of Reference  5,  and t h e  c o n v e c t i v e  d i s t r i b u t i o n  
fo l lowed  Lees.6 
l o a d  ( c o n s i d e r i n g  non-ad iaba t i c  e f f e c t s )  w i l l  be  abou t  ha l f  o f  
t h e  c o n v e c t i v e  l o a d  f o r  t h e  MSSR w i t h  a 2 0 '  diameter. 

A s  a r e s u l t ,  i t  was de termined  t h a t  t h e  r a d i a t i o n  

VEHICLE CONFIGURATION CONSIDERATIONS 

The e n t r y  v e h i c l e  a e r o s h e l l  chosen f o r  t h i s  s t u d y  i s  a 
The b l u n t e d  cone w i t h  a 60° half a n g l e  and a sphe r i ca l  nose .  7 , 8  

advan tage  o f  t h i s  shape  i s  i n  i t s  h i g h  drag c o e f f i c i e n t  and ,  
t h e r e f o r e ,  low c h a r a c t e r i s t i c  b a l l i s t i c  p a r a m e t e r .  The packaging  
c h a r a c t e r i s t i c s  o f  s p h e r i c a l l y  b l u n t e d  cones are d i s c u s s e d  i n  
Refe rence  8.  

I n  F i g u r e  ( 9 ) ,  a 60° b l u n t e d  oone i s  ana lyzed  f o r  pay load  
c a p a b i l i t y  a t  d i f f e r e n t  b a l l i s t i c  p a r a m e t e r s .  The bottom c u r v e  
i s  f o r  a s y s t e m  which u t i l i z e s  a t e r m i n a l  p r o p u l s i o n  s y s t e m ,  b u t  
no p a r a c h u t e  r e t a r d a t i o n .  The upper  band i n c l u d e s  t h e  e f f e c t s  
o f  u s i n g  a l a r g e  s i n g l e  r ibbon  c h u t e  (M<1.5) o r  a two s tage  
s u p e r s o n i c  p l u s  r i b b o n  c h u t e .  The s i n g l e  s t a g e  c h u t e  r e p r e s e n t s  
a b o u t  1 0 %  o f  t h e  d e s c e n t  weight whi le  t h e  two s t a g e  sys t em i s  
approx ima te ly  2 0 % .  Both s y s t e m s  u t i l i z e  t e r m i n a l  p r o p u l s i o n  f o r  
l a n d i n g .  
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Although t h e  a d d i t i o n  of  a p a r a c h u t e  sys tem o f f e r s  
p o t e n t i a l l y  h i g h e r  payload  f r a c t i o n s  t h a n  t h e  p u r e  p r o p u l s i o n  
sys t em,  t h e  i n c r e a s e d  complexi ty  i n  l i g h t  o f  t h e  n e c e s s i t y  f o r  
h a v i n g  a t e r m i n a l  p r o p u l s i o n  s y s t e m  f o r  a s o f t  touchdown makes 
t h e i r  u s e  q u e s t i o n a b l e .  I t  was d e c i d e d ,  t h e n ,  t o  p u r s u e  t h i s  
a n a l y s i s  w i t h  a p u r e  p r o p u l s i o n  s y s t e m ,  l e a v i n g  t h e  advan tages  
o r  d i s a d v a n t a g e s  o f  p a r a c h u t e s  i n  abeyance .  

PAYLOAD CAPABILITY 

The b a l l i s t i c  parameter which y i e l d s  t h e  maximum payload  
f r a c t i o n  f o r  a p u r e  p r o p u l s i o n  s y s t e m  i s  abou t  .55,  F i g u r e  ( 9 ) .  
For  a 4000 pound MSSR a s c e n t  weight  (4000 pounds i s  approx ima te ly  
t h e  l i f t - o f f  weight r e q u i r e d  t o  d e l i v e r  a 4 2  pound payload  t o  t h e  
manned f l y b y  m i s s i o n  module, Re fe rence  g ) ,  a b a l l i s t i c  parameter 
of  .55 r e q u i r e s  a 22.5 f o o t  diameter e n t r y  v e h i c l e ,  and a g r o s s  
e n t r y  weight of j u s t  ove r  1 0 , 0 0 0  pounds.  I n c r e a s i n g  t h e  b a l l i s t i c  
parameter t o  . 8 ,  f o r  t h e  4000 pound p a y l o a d , r e s u l t s  i n  a 3 f o o t  
r e d u c t i o n  i n  t h e  maxiinurn diameter, a l t h o u g h  a 1 0 0 0  pound i n c r e a s e  
i n  e n t r y  weight  i s  r e q u i r e d .  The p r o p u l s i o n  s y s t e m  f r a c t i o n  
i n c r e a s e d  from abou t  1 6 %  t o  26% of  t h e  e n t r y  we igh t ;  t h e  s t r u c t u r a l  
p l u s  h e a t s h i e l d  f r a c t i o n  keduced from 36% t o  31%. The s t r u c t u r a l  
and  p r o p u l s i o n  s y s t e m  f r a c t i o n  a re  p r e s e n t e d  i n  F i g u r e  (11). 

It was assumed i n  t h e  w e i g h t s  a n a l y s i s  t h a t  abou t  2 0 %  of 
t h e  payload  w e i g h t ,  i . e . ,  a s c e n t  w e i g h t ,  i s  r e q u i r e d  f o r  l a n d i n g  
gear, payload  s u p p o r t  s t r u c ' t u r e ,  n o - r e t u r n  s c i e n c e  and c o n t i n g e n c i e s .  
No hove r  c a p a b i l i t y  was programmed s i n c e  a d i r e c t  l a n d i n g  s imilar  
t o  t h e  Surveyor  s y s t e m  was assumed. I f  a T .V.  l i n k  cou ld  b e  e s t ab l i shed  
between t h e  manned f l y b y  module and t h e  l a n d i n g  MSSR, a d d i t i o n a l  
p r o p e l l a n t  f o r  a s i t e  s e l e c t i o n  hover  p e r i o d  would b e  d e s i r a b l e  
f o r  p r o v i d i n g  l o c a l  t e r r a i n  c l e a r a n c e  c a p a b i l i t y .  

a r e a s o n a b l e  compromise i n  payload f r a c t i o n  and packaging  e f f i c i e n c y  
and w i l l  t h e r e f o r e  be  pursued  i n  g rea te r  d e t a i l .  

A b a l l i s t i c  parameter  o f  . 8  s l u g s / f t 2  a p p e a r  t o  p r o v i d e  

REFERENCE TRAJECTORIES 

The r e f e r e n c e  t r a j e c t o r i e s  f o r  t h e  .8 s l u g s / f t 2  b a l l i s t i c  
e n t r y  a t  -18.9" ( s t e e p  s i d e  o f  t h e  1 0  n a u t i c a l  m i l e  c o r r i d o r )  are  
p r e s e n t e d  i n  F i g u r e s  ( 1 2 ) ,  (13), and ( 1 4 ) .  Below 5 0 , 0 0 0  f e e t  
a l t i t u d e  t h e  p l o t s  are  expanded i n  F i g u r e s  ( 1 5 ) ,  (16), and (171, 
t o  show t h e  e f f e c t s  o f  a tmospher ic  u n c e r t a i n t i e s  and e n t r y  c o r r i d o r  
( y  = -18.1O t o  -18.9O) on t h e  t h r u s t  i n i t i a t i o n  c o n d i t i o n s .  The 
s h a d i n g  i s  employed t o  h i g h l i g h t  t h e  e f f e c t s  of t h e  1 0  n a u t i c a l  
m i l e  c o r r i d o r  width.  F o r  a t i m e  r e f e r e n c e  below 50 ,000 f e e t  
a l t i t u d e ,  a l t i t u d e  v e r s u s  t ime from e n t r y  i s  p r e s e n t e d  i n  F i g u r e  ( 1 8 ) .  
Above 50,000 f e e t ,  time hacks are  p r o v i d e d  i n  F i g u r e  ( 1 2 ) .  I n  
a d d i t i o n ,  t h e  t i m e  h i s t o r i e s  f o r  t h e  s t a g n a t i o n  p o i n t  r a d i a t i v e  
( a d i a b a t i c )  and c o n v e c t i v e  h e a t i n g  r a t e s  a re  p r e s e n t e d  i n  F i g u r e  (19). 
The c o r r e s p o n d i n g  i n t e g r a t e d  h e a t i n g  l o a d s  can  b e  de te rmined  from 
F i g u r e s  ( 7 )  and ( 8 ) .  
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NOMINAL POWERED DESCENT 

For purposes of analysis, the following mode of retro fire 
and descent will be investigated. 

1. Ballistic entry down to initiation altitude. 

2. Initiate maximum (constant) thrust down to a constant 
deceleration reference trajectory. A constant deceleration 
reference is used as a simplified "patching" contour to 
allow the descent system to adapt to the variable end 
conditions resulting from entry corridor and atmospheric 
uncertainties. 

3. Modulate thrust to maintain a constant deceleration to 
produce a nominal soft touchdown. 

The heat shield will be separated before touchdown, sometime 
after its weight exceeds its drag force. It is desirable to have a 
low dynamic pressure on the heatshield at separation to minimize 
separation forces and reduce any tendency of the heat shield to 
be destabilized by the flow field. 
rocket firing upstream of the heat shield will disturb the flow 
field and change the drag and stability characteristics of the 
vehicle. The effects of potential drag reduction on landing 
performance will be considered here, although it appears that a 
proper choice of configuration could actually produce a drag 
amplification. It is assumed that any destabilizing moments can 
be handled with rocket augmentation. 

In addition, a forward facing 

To date, there has been little experimental work done on 
the subject of forward facing jets. Presently, however, it appears 
that a rocket plume aligned along the center line of a blunted entry 
cone will reduce the drag of the cone, Reference (lo), but rockets 
located circumferentially around the periphery of the cone will 
increase the drag, Reference (11). Experimental results on a 
60" cone for peripherally arranged rockets and a blunted config- 
uration with a near centerline arrangement are presented in 
Figure (20) for various ratios of exhaust total pressure to free 
stream total pressure. The wide differences between the two sets 
of data, i.e., vehicle configuration, pressure ratios, and Mach 
numbers, make direct comparison very difficult. 

THRUST-TO-WEIGHT REQUIREMENTS 

The thrust to entry weight ratios required to achieve a 
zero velocity at 400 feet altitude with a constant thrust level 
(no drag attenuation) is presented in Figure (21) (solid lines), 
for various ignition altitudes. (An altitude of 400 feet was 
chosen as a nominal reference cut-off altitude.) The initial 
entry trajectories were computed along the steep side of the 10 
nautical mile corridor and consider the effects of both the VM-7 
and VM-8 atmospheres. Following thrust ignition, the thrust vector 
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was aligned with the velocity vector throughout the descent, 
resulting in a gravity turn. 
(lowest propellant) descent, it represents a reasonable estimate 
of the operational and propulsion system requirements. 

Although this is not an optimum 

The corresponding propulsion system fractions are 
presented in Figure (22). The propulsion system fraction is 
based on a storable propellant specific impulse of 315 seconds 
and a propellant loading of .85. 

The effects of reducing the drag to 60" of nominal 
(across the Mach number range) and reducing the drag to zero 
following retro ignition are also included in Figures (21), and 
(22) for the VM-7 atmosphere. For the zero drag case, the 
increased thrust-to-weight requirements at the high ignition 
altitudes are due to the absence of substantial drag losses. 
This condition results in higher average velocities (and therefore 
shorter times) from thrust ignition to termination. If indeed, 
the drag is substantially reduced, than higher thrust-to-weight 
ratios would be requlred for center firing rockets than for 
peripheral rockets. 

The nominal thrust-to-weight chosen for the remainder of 
the work is 1.5 based on the VM-7 atmosphere, full drag case. 
These conditions result in a propulsion system fraction of .26 
of entry weight and an ignition altitude of 17,000 feet. The 
solid curves on Figure (23) are the resulting powered descent 
trajectories where thrust was initiated at 17,000 feet. The 
dashed curves are constant deceleration reference trajectories, 
based on vertical descent, which result in a soft touchdown. 
Transition from the high thrust leg to the low thrust leg 
(reference contour) could be commanded using a recursive feedback 
control network, for example. Surveyor type RADVS (altitude and 
doppler) signals would be compared with the reference contour and 
a statistically weighted least squares error signal would command 
the required thrust history. 

For the design case, y = -18.g0, VM-7 atmosphere, the 
solid circle on Figure (23) indicates the point where the engine 
(or engines) could be reduced from a T/W = 1.5 to approximately 
.5 for a soft touchdown. The open circles are possible transition 
conditions accounting for the corridor width and assuming that no 
better atmospheric data will become available, i.e., the VM-7 and 
VM-8 are equally likely representations of the Martian atmosphere. 
If, indeed, the VM-8 model better describes the Mars atmosphere, 
the vehicle could encounter the reference contour at a velocity as 
high as 250 fps at an altitude of 8,000 feet. Maintaining a 
T/W = .5, then, would utilize propellant at a low thrust level 
which is available from the main propellant tanks and would 
introduce no propellant penalty. The reason for this is that 
the lower velocity in the VM-8 atmosphere more than offsets the 
increased gravity l o s s  during the low thrust descent. On the 
other hand, if the main retro was a solid and the low thrust 
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rockets liquid, unused main retro propellant could not be used 
for the low thrust rockets. In this case, additional propellant 
for about 700 fps would be required to follow the reference contour. 

THRUST INITIATION 

The scheme suggested here requires a knowledge of the 
vehicle's altitude in order to determine the point of ignition. 
Other ignition signals could also be employed, e.g., velocity or 
slant range. It is felt, however, that the altitude initiation 
scheme contains the basic elements required to demonstrate feasi- 
.bility and point out some of the operational considerations. 

Since the vehicle is descending at high velocity through 
the Martian atmosphere,it is enveloped in an ionized plasma. It 
is expected, therefore, that a communications blackout will occur 
for some period during the initial entry when radar ground tracking 
is not possible. The critical velocity where electromagnetic 
waves will begin to propagate beyond the flow field (exit from 
blackout) at sufficient power levels to track the ground is a 
complex function of atmospheric composition, vehicle shape and 
transmission frequency. A conservative estimate to the critical 
velocity was made at about 10,000 fps. It will be shown that 
increasing this value to 15,000 fps will increase the ground 
acquisition and tracking time by about l5-to-20%. 

For a critical velocity of 10,000 fps, the vehicle will 
start transmitting and receiving tracking data (altitude and 
Doppler rates) anywhere from 38,000-to-52,000 feet altitude for 
the VM-8 atmosphere and 63,000-to-75,OOO feet altitude for the 
VM-7 atmosphere, Figure (12). For a nominal thrust initiation 
altitude of 17,000 feet, then, there is a minimum tracking time 
between the start of ground track and retro i nition. This 
time is 30 seconds for the VM-8 atmosphere an8 60 seconds for 
the VM-7. These times increase to 37 seconds and 70 seconds, 
respectively, if the critical velocity is increased to 15,000 
fps. Although the VM-7 atmosphere, as previously discussed, 
determines the retro and propellant requirements, the VM-8 
atmosphere will determine the minimum tracking time. 

It is anticipated that a pulse-type radar similar to 
the Surveyor system will have sufficient time, within the minimum 
30 seconds, to mark the proper ignition altitude utilizing a 
simplified signal integration system. The pulse-type radar, 
though, will have to be roll-attitude stabilized in order to 
insure that the radar is pointing down, or redundant systems 
will have to be employed peripherally around the vehicle to 
determine the minimum range, i.e., altitude. A forward facing 
pulse radar would probably be undesirable due to the shallow 
flight path angles (-lOO-to--lgO) at 17,000 feet, Figure (171, 
and possible perturbations to the vehicles altitude during entry. 
In this respect the Surveyor system is different, since the 
Surveyor has a nominal -90" flight path angle with a - t 45" 
variation. 
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Fol lowing  main r e t r o  i g n i t i o n  t h e  t h r u s t  a x i s  i s  
a l i g n e d  w i t h  t h e  computed v e l o c i t y  v e c t o r  from t h e  Surveyor  
t y p e  RADVS. When t h e  r e f e r e n c e  c o n t o u r  i s  r e a c h e d ,  F i g u r e  ( 2 3 ) ,  
t h r o t t l i n g  w i l l  commence t o  m a i n t a i n  z e r o  a l t i t u d e  and v e l o c i t y  
e r r o r s  w i t h  t h e  r e f e r e n c e  contour  as p r e v i o u s l y  d i s c u s s e d .  The 
dynamic p r e s s u r e s  a t  r e f e r e n c e  c o n t o u r  e n c o u n t e r  w i l l  b e  q u i t e  
low s o  a t t i t u d e  changes w i l l  r e q u i r e  small p r o p u l s i o n  p e n a l t i e s .  
A t  abou t  500 t o  700 f p s ,  t h e  h e a t s h i e i d  w i l l  be  e j e c t e d  i n  
p r e p a r a t i o n  f o r  t h e  s o f t  touchdown. 

C O N C L U S I O N S  

A b a l l i s t i c  e n t r y  v e h i c l e  w i t h  a b a l l i s t i c  parameter o f  
. 8  s l u g s / f t 2  appears t o  b e  a s u i t a b l e  c o n f i g u r a t i o n  f o r  s o f t  
l a n d i n g  a n  MSSR t y p e  payload  on t h e  Mar t i an  s u r f a c e .  For  c u r r e n t  
s t o r a b l e  p r o p e l l a n t  combina t ions , the  payload  f r a c t i o n  would b e  
a b o u t  36% o f  t h e  e n t r y  w e i g h t  w i t h  a p r o p u l s i o n  s y s t e m  f r a c t i o n  o f  
26% a t  a t h r u s t - t o - w i g h t  r a t i o  o f  1 . 5 .  Thrus t - to-weight  c a n  b e  
r educed  a t  t h e  expense  o f  i n c r e a s e d  p r o p e l l a n t .  Although l anded  
pay load  f r a c t i o n s  can  b e  i n c r e a s e d  by u s i n g  p a r a c h u t e s ,  t h e  10-to-15% 
g a i n  may n o t  be  worth t h e  a d d i t i o n a l  complexi ty  o f  t h e  p a r a c h u t e ' s y s t e m .  

The maximum aerodynamic d e c e l e r a t i o n  l o a d s  d u r i n g  e n t r y  
can  b e  k e p t  below 40 ea r th  g e e ' s .  
h e a t i n g  i s  c o n s i d e r a b l y  l e s s  t h a n  t h e  c o n v e c t i v e  h e a t i n g ,  b u t  t h e  
t o t a l  d i s t r i b u t e d  r a d i a t i o n  l o a d  i s  about  one ha l f  t h e  c o n v e c t i v e  
l o a d .  

The r a d i a t i o n  s t a g n a t i o n  

Drag a t t e n u a t i o n  due t o  forward f i r i n g  r o c k e t  j e t s  i s  
an  open q u e s t i o n .  It a p p e a r s ,  however, t h a t  c e n t e r l i n e  j e t s  
r e d u c e  d r a g  and p e r i p h e r a l l y  a r r a n g e d  j e t s  i n c r e a s e  d r a g .  The 
e f f e c t s ,  though,  a re  a f u n c t i o n  o f  t h e  j e t  t o t a l  p r e s s u r e  t o  t h e  
f r e e  stream t o t a l  p r e s s u r e  r a t i o .  I f ,  i n d e e d ,  d r a g  i s  a p p r e c i a b l y  
r educed  d u r i n g  r o c k e t  f i r i n g ,  lower a l t i t u d e  i g n i t i o n  and h i g h e r  
t h r u s t - t o - w e i g h t  r a t i o s  a re  r e q u i r e d .  

For a MSSR t y p e  mis s ion ,  a 4000 pound a s c e n t  s tage could  
be  d e l i v e r e d  t o  t h e  Mar t i an  s u r f a c e  w i t h  a 20 f o o t  diameter ,  60" 
b l u n t e d  cone e n t r y  v e h i c l e ,  and an  e n t r y  weight  on t h e  o r d e r  o f  
1 1 , 0 0 0  pounds.  

1 0 1  3-DEC-pdm 
8.r. D .  E .  C a s s i d y  q 

Attachments  
R e f e r e n c e s  1 - 11 
F i g u r e s  1 - 23 
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